Study design: Retrospective study. Objectives: To identify clinical features and risk factors helpful for the prevention and early diagnosis of neurological complications. Overview of Literature: Previous studies have investigated postoperative complications only for specific disease entities and did not present distinctive clinical features. Materials and Methods: This was an observational study of patients who underwent posterior thoracolumbar spinal surgery in the orthopedic department of a single hospital over the course of 19 years (1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013). The incidence, cause, onset time, and risk factors of complications were investigated. Neurological deterioration was graded on a 5-point numeric scale: G1, increased leg pain or sensory loss, G2, unilateral motor weakness; G3, bilateral motor weakness; G4, cauda equina syndrome; and G5, complete paraplegia. Results: Sixty-five cases out of 6574 (0.989%) developed neurological complications due to the following causes: epidural hematoma, 0.380%; instrumentation with inadequate decompression, 0.213%; mechanical injury, 0.167%; inadequate discectomy, 0.061%; and unknown cause, 0.167% (p=0.000). The grade of neurological deterioration was G1 in 0.167% of patients, G2 in 0.517%, G3 in 0.228%, G4 in 0.046%, and G5 in 0.030%. Neurological deterioration was most severe in patients who experienced epidural hematoma, followed by those in whom complications occurred due to instrumentation with inadequate decompression, unknown causes, mechanical injury, and inadequate discectomy, in order (p=0.009). Revision surgery was a significant risk factor (p=0.000; odds ratio, 2.741). The time that elapsed until symptom development was as follows, in order: unknown cause, 0.6 hours; epidural hematoma, 5.4 hours; mechanical injury, 6.6 hours; inadequate discectomy, 18.0 hours; and instrumentation with insufficient decompression, 36.0 hours (p=0.001).
Introduction
According to the previous reports, 10~20% of patients undergoing spinal surgeries experience some adverse effects. [1] [2] Some of them are considered complications. While other kinds of complication are closely related to the patient's comorbidities and often unavoidable, neurological complication (NC) is considered being influenced by surgical factors. It maybe preventable if surgeons can anticipate the risk or at least curable if the causes discovered within critical time in many cases.
NC is a disastrous condition for both patients and surgeons and previous studies focused on a specific disease entity have reported its incidence as 0~2%. [3] [4] [5] [6] [7] Homogenous diseases or www.krspine.org 2 operations would have a certain pattern of NC. However, average spinal surgeons are exposed to various conditions.
As far as we have researched, there have been a few previous studies mentioning the causes and distinctive clinical features of each one. In the present study, not only risk factors but also clinical manifestations were investigated. We hoped the results could give clues for prevention and early identification of NC for better management and consequence.
Materials and Methods
This was a retrospective observation study. 
Results

Incidences and causes
There were 7,224 cases of spine surgeries during the index period. Because of ineligibility of medical records, 650 cases were excluded and 6,574 cases (91%) were included in the present study. Average age was 56±13.7 years (11~87y). 1 ). There was a significant difference among the incidences according to the causes (p=0.001). In IID, 11 cases developed due to instrumentation with insufficient decompression and 5 of them were pedicle subtraction osteotomy for lumbar kyphosis cases. Three cases were iatrogenic foraminal stenosis due to under-sized cages in posterior lumbar interbody fusion (PLIF). In MI, 4 cases were due to pedicle screw, 2 cases were by punch and a case by knife, a case by osteotome, a case by retractor, a case by gelfoam and a case while excising ossified meningioma.
Risk factors
In risk factor analysis, old age and revision surgery significantly increased the risk in single variable analysis.
However, only revision surgery was approved significant in multiple logistic regression test (p=0.000, OR=2.741) ( Table 1) . 
Clinical manifestations
The degree of neurological deterioration was G1 in 11 cases However, in subgroup analysis that developed symptoms immediately, just after the recovery from general anesthesia, all causes presented without significant difference (Fig. 3) . The methods of treatment and final neurological sequalae were not analyzed in the present study.
Discussion
The greatest reason that makes a spinal surgery fearful would be NC. The incidences of NC have been reported as a wide range as 0-2.8%. 3, 5, 8, 9) Because most of the previous studies investigated a specific disease entity, the causes and clinical features were not diverse. Therefore it was not easy to estimate the general incidence of NC in overall spinal surgeries and they didn't give any information to presume the causes according to the clinical manifestations. Cramer et al. studied a general NC in single institute. However, their results showed very low incidence because they counted only severe NC at least more than paraparesis. 10) In the present study, all neurological deficits including sensory change were regarded as NC. There were 10 main operators and the first author performed 74% of cases. Though there should have been learning curve effect, the annual incidences (which were not documented in the results)
did not reduce as time went by. We thought it was due to the increased complexity of the operations and partially because it could not be prevented technically in some cases.
The most frequent cause was EH as 0.38% in the present study. All cases were confirmed by magnetic resonance image and immediate improvement by surgical removal of hematoma. Attention has been focused on antithrombotic therapy, however, there has been no agreed evidence yet.
The gross incidence has been reported with wide range as 0~0.7% in patients with antithrombotic medication [11] [12] [13] and as 0.1~3.2% without antithrombotic medication. [14] [15] [16] [17] [18] [19] The gross incidence was not less in without antithrombotic medication group. All 25 EHs in the present study developed symptom within 24 hours and 8 cases did immediately as soon as they recovered from general anesthesia. Mostly unilateral or bilateral legs pain was the first sign and followed by motor weakness.
The degree of neurological deficit increased as time went by.
There was transient improvement in lateral decubitus position opposite to the affected site. It was supposed to be due to the reduced mass effect by gravity. But the improvement was only transient and did not improve eventually by conservative management. Though we used suction drains to prevent EH, it didn't work. According to the previous reports, the effect of a suction drain is very untrustworthy, 14, [20] [21] [22] [23] [24] [25] Fig. 3 . Among the cases in which neurological complications immediately developed, all causes were found, with no significant differences.
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Secondary hematoma removal was performed immediately and neurological deficit was recovered completely. We discovered belatedly that he had hemophilia A and his factor VIII was 28% of normal value.
IID was the second most common cause and there were 14 cases. Five were pedicle subtraction osteotomy cases in lumbar degenerative kyphosis and six were PLIF cases in hypolordosis. In cases of HNP, ID rather made symptom worse than preoperative state. It was thought that mechanical irritation while performing a discectomy makes the nerve roots edematous and more sensitive to pain.
In MI, 3 cases of nerve root injury by a pedicle screw were discovered by postoperative image tests and revised as soon as possible and showed good recovery. However a case left permanent sequela though it was discovered and changed intraoperatively. It was a revision case and we charged the pedicle hole with bone chips and used larger diameter screw and it violated inferior wall of the pedicle. Not only screws but also grafted bone chips injured the nerve root.That was supposed as a reason why the nerve root was damaged more severely. Gelfoam has already been regarded as a cause of NC in previous reports. [27] [28] [29] [30] reported that scarring due to multiple previous operations can be a contributing factor of EH. 13) We presumed that, in a revision surgery, there would be more epidural dead space that allows EH because posterior muscles were changed into less pliable and less voluminal scar and fat tissues and it would not be easy to clarify the decompression state due to epidural scarring. Furthermore they usually have flat lumbar curve which demands more correction.
There were limitations in the present study. Because it was a retrospective study, we couldn't consider all possible influencing factors. Because the observation period of our cohort was very long and number of subjects was large, we reviewed the data of study subjects from first author's preplanned data collection.
However, we thought that it could be distinguishable from previous studies in documenting the different clinical features according to the causes. The symptom onset time would be earlier than our measurement, especially in late onset cases. In early onset cases, medical staff could detect without delay. But as time went by, neurological monitoring became less vigilant and there was a tendency that discovery of symptom was retarded. Though we classified the operation site as thoracic and lumbosacral, 97% of our cohort was lumbosacral and there were few cases which cross the thoracolumbar junction.
Therefore this study was technically lumbosacral cohort rather than thoracolumbar one. We didn't investigate the difference of final results according to the causes and treatment options.
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Because it was too complicated and multifactorial, another study is underway.
Conclusions
In single institute observation for 19 years, posterior thoracolumbar surgeries had 1% NC and severe NC more severe than cauda equina syndrome was very rare as 0.076% in our cohort. The most common cause was EH and followed by IID in our cohort. Decompression combined with instrumentation needs more comprehensive decompression to avoid NC, especially in case that deformity correction is necessary. The symptom most commonly developed immediately and 80% was discovered within 12 hours after recovery from a general anesthesia. Hence, close observation at early period was considered most important for an early diagnosis. IID should be suspected in cases of delayed onset.
